
US006640633B2 

United States Patent (12) (10) Patent N0.: US 6,640,633 B2 
Satoh (45) Date of Patent: Nov. 4, 2003 

(54) ULTRASONIC IMAGING METHOD AND 5,462,057 A * 10/1995 Hunt et a1. ............... .. 600/447 
ULTRASONIC IMAGING APPARATUS 5,471,989 A * 12/1995 Roundhill et a1. ........ .. 600/440 

5,782,768 A * 7/1998 Hashimoto et al. ....... .. 600/443 

(75) Inventor: Tom00 Satoh, OdaWara (JP) 6,089,096 A * 7/2000 Alexandru ................. .. 73/626 
2001/0014773 A1 * 8/2001 Jago ......................... .. 600/437 

ASSlgIlGCZ PhOtO CO.’ Ltd., KanagaWa W0 WO 99/05969 * 2/1999 .......... .. A61B/8/00 

( * ) Notice: Subject to any disclaimer, the term of this * Cited b examiner 
patent is extended or adjusted under 35 y 
U.S.C. 154(b) by 53 days. Primary Examiner—HeZron Williams 

Assistant Examiner—Rose M. Miller 
(21) Appl. N0.: 10/082,095 (74) Attorney, Agent, or Firm—Sughrue Mion, PLLC 

(22) Filed: Feb. 26, 2002 (57) ABSTRACT 

(65) Prior Publication Data An ultrasonic imaging method capable of increasing density 
of sampling points in accordance With depths Within an 

Us 2002/0117004 A1 Aug‘ 29’ 2002 object. In this method, a predetermined area contained in the 

(30) Foreign Application Priority Data object is divided into at least a ?rst area located most 
shalloWly and a second area located deeper. The method 

Feb. 28, 2001 (JP) ..................................... .. 2001-053347 includes the Steps of: (a) transmitting and receiving uhw 

(51) Int. Cl.7 .......................... .. A61B 8/00; G01N 29/06 Sonic Waves focused in one focus direction Within the ?rst 
(52) US. Cl. ........................... .. 73/626 73/628' 73/633' area to take Samples of an ultrasonic image at a plurality of 

é00/443.’600/447’ points in the focus direction, and changing the focus direc 
(58) Field of Search 73/618 ’620 624 tion to scan the ?rst area; (b) sequentially transmitting 

633 60’0/443’ 447’ ultrasonic Waves focused in respective focus directions 
’ ’ ’ ’ ’ Within the second area in a predetermined time period, 

- t erea ter rece1v1n utrason1c Waves re ecte rom t e (56) References Cited h f i i g 1 ' ? d f h 

U.S. PATENT DOCUMENTS 
respective focus directions to take samples of the ultrasonic 
image at a plurality of points in the respective focus direc 
tions. 

4,722,345 A * 2/1988 Ueno et al. ............... .. 600/445 

5,072,735 A * 12/1991 OkaZaki et a1. .... .. 600/443 

5,111,824 A * 5/1992 LaZenby et a1. .......... .. 600/447 20 Claims, 8 Drawing Sheets 

29 238 25s 25 S 

DATA PROCESSING 152 183 LA (4 |mspu?ej D/A H DSC UNIT | 
DE Y 

PULSER DEVICE SYSTEM ZISZDATSISIONALIMAGE 2D ‘C 254 
H 10 1 00mg“ CONSTRUCTING UNIT MEMORI] 
s a DELAY 
5 DEVICE 

iULTRASONIC i__—_¢ ; PROBE 
; 9 4 DIGITAL BEAM FORMER 

PHASE CONTROL 
UNIT 

5 22 
PHASE CONTROL 

UNIT 
21 

DIGITAL BEAM FORMER 

PHASE CONTROL 
UNIT 

22 

PHASE CONTROL 
UNIT 

21 





U.S. Patent Nov. 4, 2003 Sheet 2 0f 8 US 6,640,633 B2 

F I G.2A 



U.S. Patent Nov. 4, 2003 Sheet 3 0f 8 US 6,640,633 B2 

FIG.3A 

FIG.3B 
TP(S) 

TPSi)“ 1 -| 1 '_ll"l2l_ll. '_ll'_l m 

QWLAP M, H IIHLMI - 

‘J n n n 

TP(D) 

PRT(S) PRT(S) PRT(D) PRT(D) 
IMAGING TIME 



U.S. Patent NOV. 4, 2003 Sheet 4 6f 8 

FIG.4A 

1 
3 

FIG.4B 

TP(D) + _ /TP(D) 

1L] 
2 U 

-Q—O+O—O 

" E 

PULSE RECIPROCATION TIME 

F I G.4C 

N2 = nXm BEAMS 
r—-—L———\ 

1. 
122 

US 6,640,633 B2 



U.S. Patent Nov. 4, 2003 Sheet 5 0f 8 US 6,640,633 B2 

5x825: 

vm 

\|\ 

8 \ \ 

50: 29.65% |\\ 5 5 \\m U 
mm 

----- 
mm 

m. a!“ 

m, 5 



U.S. Patent Nov. 4, 2003 Sheet 6 6f 8 US 6,640,633 B2 

FIG.6 



U.S. Patent Nov. 4, 2003 Sheet 7 0f 8 US 6,640,633 B2 

FIG.7A 

FIG. 7C 

1 2 3- - - N 

— o-o-o-o-o-o-o-o 

‘1% 
PRT PRT l PRT 

IMAGING TIME 



U.S. Patent Nov. 4, 2003 Sheet 8 0f 8 US 6,640,633 B2 

I__l 

m2; 0264.2 
.55 _ E .Em IFE .Em :0 r I 

Y Z . .N N .F _. may MUN“ 3.36%“ 



US 6,640,633 B2 
1 

ULTRASONIC IMAGING METHOD AND 
ULTRASONIC IMAGING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to an ultrasonic 
imaging method and an ultrasonic imaging apparatus, 
capable of performing nondestructive tests by employing 
ultrasonic Waves. More speci?cally, the present invention is 
directed to such ultrasonic imaging method and apparatus, 
capable of scanning a radial-shaped area contained in an 
object to be inspected (sector scanning) by employing 
ultrasonic Waves so as to obtain an image information of this 
radial-shaped area. 

2. Description of a Related Art 

Normally, in ultrasonic imaging apparatuses utiliZed as 
ultrasonic diagnostic apparatuses or industrial-purpose ?aW 
detecting apparatuses, ultrasonic probes are employed each 
contains a plurality of ultrasonic transducers and has ultra 
sonic transmission/reception functions. In one typical ultra 
sonic imaging apparatus equipped With such an ultrasonic 
probe, image information related to an object to be inspected 
may be obtained in such a manner that this object to be 
inspected is ultrasonically scanned by using ultrasonic 
beams, While the ultrasonic beams are produced by synthe 
siZing ultrasonic Waves transmitted from the plurality of 
ultrasonic transducers. Then, the ultrasonic imaging appa 
ratus may reproduce images of either tWo-dimensional areas 
or three-dimensional areas contained in the object to be 
inspected based upon the obtained image information. As 
one of scanning methods for scanning an object to be 
inspected by Way of such ultrasonic beams, a so-called 
“sector scanning operation” is carried out by Which a 
tWo-dimensional fan-shaped region is ultrasonically scanned 
along angular directions. 

FIGS. 7A to 7C are explanatory diagrams for illustratively 
explaining one typical example of the conventional sector 
scanning operation. 
As shoWn in FIG. 7A, since ultrasonic Waves transmitted 

to an object to be inspected from a plurality of ultrasonic 
transducers contained in an ultrasonic probe are synthesiZed 
With each other, an ultrasonic beam 101 is formed in the 
object to be inspected, While this ultrasonic beam 101 is 
extended from a transmission point 100 in a depth direction. 
Then, a fan-shaped tWo-dimensional area 103 Which is 
contained in the object to be inspected is sequentially 
scanned by this ultrasonic beam 101 “N” times in a direction 
of an angle “0” in an equi-interval. It should be noted that 
symbol “N” is a natural number. 

Furthermore, as illustrated in FIG. 7B, at a plurality of 
sampling points 102, image information is sequentially 
sampled, While these plural sampling points 102 are distrib 
uted in an equi-interval in the depth direction along the 
ultrasonic beam 101 at the respective angles. As previously 
described, While the scanning operation by using one ultra 
sonic beam is carried out, image information related to a 
plurality of sampling points located on this single ultrasonic 
beam is sampled every time a predetermined time period has 
passed. 

FIG. 7C shoWs a time chart for explaining such a scanning 
process operation of the ultrasonic beam. As shoWn in FIG. 
7C, in order to perform a scanning operation of a single 
ultrasonic beam, a constant repetition time PRT (namely, 
pulse repetition time period) is consumed. Furthermore, a 
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2 
total value of pulse repetition time period PRT Which is 
consumed to execute scanning operations of a plurality of 
ultrasonic beams-constitutes imaging time required for scan 
ning an entire portion of a tWo-dimensional area. With 
respect to one pulse repetition time period PRT, a plurality 
of ultrasonic Waves are transmitted to an object to be 
inspected so as to form one ultrasonic beam Within a pulse 
transmission time slot TP. Then, at time instants indicated by 
White-colored points (see FIG. 7C), ultrasonic echoes are 
received Which are re?ected from a plurality of sampling 
points distributed along one ultrasonic beam, and then, 
image information related to the respective sampling points 
is sampled based upon these received ultrasonic echoes. 

HoWever, When such a sampling operation of the image 
information as shoWn in FIG. 7B is carried out, a total 
number of ultrasonic beams 101 (namely, density of ultra 
sonic beams) employed in a scanning operation of a unit area 
With respect to a deeper portion 105 Within a tWo 
dimensional area 103 becomes smaller than that of a shal 
loWer portion 104 thereof. As a result, an image quality of 
image information related to the deeper portion 105 
becomes coarser than that related to the shalloWer portion 
104. 

As a consequence, as shoWn in FIG. 8A, the folloWing 
solution method is conceivable. That is, since a total time of 
scanning operations for the deeper portion 105 is made 
larger than that of the shalloWer portion 104, density of 
sampling points 102 Within the deeper portion 105 can be 
increased substantially equal to density of the sampling 
points 102 Within the shalloWer portion 104. In FIG. 8A, 
black-colored points indicate such sampling points Which 
are neWly added. In this case, as shoWn in FIG. 8A, a 
scanning operation only directed to the deeper portion 105 
is carried out betWeen a ?rst scanning operation and a 
second scanning operation of the conventional sector scan 
ning operations, and then, such a scanning process operation 
is repeatedly carried out. FIG. 8B is a time chart for 
explaining such a scanning process operation of the ultra 
sonic beam. In this time chart, black-colored points repre 
sent time instants When ultrasonic echoes re?ected from the 
neWly added sampling points are received. 

HoWever, even in such a scanning operation directed only 
to the deeper portion, a time duration is required for ultra 
sonic Waves transmitted from an ultrasonic probe to reach 
these sampling points and return to the ultrasonic probe. As 
a result, even When the scanning operation directed only to 
the deeper portion is carried out, such a time duration 
substantially equal to the time duration required for a single 
scanning operation in the conventional sector scanning 
operation Would be consumed. As a consequence, a total 
scanning number of the sector scanning operation as shoWn 
in FIG. 8A is equal to substantially tWo times as large as a 
total scanning number of the sector scanning operation as 
shoWn in FIG. 7B. Thus, a frame rate of this sector scanning 
operation as shoWn in FIG. 8A, Which corresponds to an 
inverse number of imaging time, Would be loWered to a 
substantially half of a frame rate in the sector scanning 
operation as shoWn in FIG. 7B. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve the above 
described problems, and therefore, has an object to provide 
an ultrasonic imaging method and an ultrasonic imaging 
apparatus, capable of increasing density of sampling points 
in accordance With a depth degree Within an object to be 
inspected, While a frame rate is not necessarily decreased. 
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To achieve the above-described object, an ultrasonic 
imaging method according to one aspect of the present 
invention, of obtaining image information in such a manner 
that a predetermined area contained in an object to be 
inspected is divided into at least a ?rst area located most 
shalloWly and a second area located deeper than the ?rst area 
so as to scan the ?rst and second areas by employing 
ultrasonic Waves, comprises the steps of: (a) transmitting 
and receiving ultrasonic Waves focused in one focus direc 
tion Within the ?rst area by using a plurality of ultrasonic 
transducers included in an ultrasonic probe to take samples 
of an ultrasonic image at a plurality of points in the focus 
direction, and changing the focus direction to scan the ?rst 
area; (b) sequentially transmitting ultrasonic Waves focused 
in respective focus directions Within the second area by 
using the plurality of ultrasonic transducers in a predeter 
mined time period, thereafter receiving ultrasonic Waves 
re?ected from the respective focus directions by using the 
plurality of ultrasonic transducers to take samples of the 
ultrasonic image at a plurality of points in the respective 
focus directions; (c) obtaining image information as to the 
plural points Within the ?rst area on the basis of detection 
signals obtained from the plurality of ultrasonic transducers 
at step (a); and (d) obtaining image information as to the 
plural points Within the second area on the basis of detection 
signals obtained from the plurality of ultrasonic transducers 
at step 

Also, an ultrasonic imaging apparatus according to one 
aspect of the present invention, for obtaining image infor 
mation in such a manner that a predetermined area contained 
in an object to be inspected is divided into at least a ?rst area 
located most shalloWly and a second area located deeper 
than the ?rst area so as to scan the ?rst and second areas by 

employing ultrasonic Waves, comprises: drive signal gener 
ating means for delaying input signals to supply drive 
signals having speci?c phases, respectively; an ultrasonic 
probe having a plurality of ultrasonic transducers, for trans 
mitting ultrasonic Waves in accordance With the drive sig 
nals and for receiving ultrasonic Waves to output detection 
signals based upon the received ultrasonic Waves; signal 
processing means for processing the detection signals to 
obtain image information of an object to be inspected on the 
basis of the processed detection signals; and control means 
for controlling the drive signal generating means and the 
signal processing means to (a) transmit and receive ultra 
sonic Waves focused in one focus direction Within the ?rst 
area by using the plurality of ultrasonic transducers to take 
samples of an ultrasonic image at a plurality of points in the 
focus direction, and change the focus direction to scan the 
?rst area and (b) sequentially transmit ultrasonic Waves 
focused in respective focus directions Within the second area 
by using the plurality of ultrasonic transducers in a prede 
termined time period, thereafter receive ultrasonic Waves 
re?ected from the respective focus directions by using the 
plurality of ultrasonic transducers to take samples of the 
ultrasonic image at a plurality of points in the respective 
focus directions. 

According to the present invention, a radial-shaped area 
contained in the object to be inspected is divided into a 
plurality of areas having different depth degrees, and these 
plural areas are independently scanned. In particular, as to an 
area having a deep depth degree Within the radial-shaped 
area, a plurality of ultrasonic Waves are transmitted to the 
object to be inspected so as to sequentially form a plurality 
of ultrasonic beams extended in the different directions 
Within a time period in Which ultrasonic echoes re?ected 
from an area located more shalloWly than the deep area are 
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4 
obtained. As a consequence, density of ultrasonic beams in 
the deep area Within the radial-shaped area can be increased, 
While the scanning time is not much increased. Accordingly, 
the density of the sampling points can be increased in 
accordance With the depth degrees of the object to be 
inspected, While the frame rate is not unnecessarily 
decreased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more better understanding of the present invention may 
be made by reading a detailed description in conjunction 
With the accompanying draWings, in Which: 

FIG. 1 is a schematic block diagram shoWing a main 
arrangement of an ultrasonic imaging apparatus according to 
a ?rst embodiment of the present invention; 

FIG. 2A is a transparent perspective vieW illustratively 
shoWing an example of a construction of an ultrasonic probe 
employed in the ultrasonic imaging apparatus as shoWn in 
FIG. 1, and FIG. 2B is a perspective vieW shoWing a portion 
of a one-dimensional array in an enlarge manner, Which is 
contained in the ultrasonic probe as shoWn in FIG. 2A; 

FIGS. 3A to 3C are explanatory diagrams for explaining 
one example of an imaging method With employment of the 
ultrasonic imaging apparatus as shoWn in FIG. 1; 

FIGS. 4A to 4C are explanatory diagrams for explaining 
another example of an imaging method With employment of 
the ultrasonic imaging apparatus as shoWn in FIG. 1; 

FIG. 5 is an illustration schematically shoWing a partial 
construction of an ultrasonic imaging apparatus according to 
a second embodiment of the present invention; 

FIG. 6 is a diagram illustratively shoWing a scanning area 
Within an object to be inspected and an example of a division 
pattern of the scanning area Which is scanned by employing 
the ultrasonic probe as shoWn in FIG. 5; 

FIGS. 7A to 7C are explanatory diagrams for explaining 
an example of the conventional ultrasonic imaging method; 
and 

FIGS. 8A and 8B are explanatory diagrams for explaining 
another example of the conventional ultrasonic imaging 
method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring noW to draWings, various preferred embodi 
ments of the present invention Will be described in detail. It 
should be understood that the same reference numerals Will 
be employed as those for indicating the same, or similar 
structural elements, and therefore, descriptions thereof are 
omitted. 

FIG. 1 is a system diagram shoWing a main arrangement 
of an ultrasonic imaging apparatus according to a ?rst 
embodiment of the present invention. This ultrasonic imag 
ing apparatus may be employed as, for example, an ultra 
sonic diagnostic apparatus to be used for diagnosing a 
human body etc. or a ?aW detecting apparatus to be used in 
an industrial ?eld. 

As shoWn in FIG. 1, this ultrasonic imaging apparatus 
includes an ultrasonic probe 10 Which is used by abutting 
against an object to be inspected. The ultrasonic probe 10 
includes a plurality of ultrasonic transducers 11 having a 
transmission/reception function of ultrasonic Waves. As the 
ultrasonic transducer 11, for example, pieZoelectric elements 
are employed Which involve pieZoelectric ceramics typically 
knoWn as PZT (Pb(lead) Zirconate titanate) or a polymer 
pieZoelectric element typically knoWn as PVDF (polyvinyl 
di?uoride). 
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The plurality of ultrasonic transducers 11 transmit ultra 
sonic pulses to the object to be inspected in accordance With 
drive signals Which are input from a plurality of pulse 
generating circuits (pulsers) 12 corresponding to these plural 
ultrasonic transducers 11, respectively. Then, these ultra 
sonic transducers 11 receive ultrasonic pulses re?ected from 
the object to be inspected so as to output detection signals. 

The plurality of pulsers 12 are energiZed in response to 
output signals of a plurality of digital delay devices 13 
corresponding to these pulsers 12, respectively, and then 
output the drive signals. As a pulser 12, a high-speed pulser 
Which can output a drive signal in a high repetition cycle 
may be preferably employed. As Will be explained later, it is 
necessary to successively produce ultrasonic beams 
extended in different directions Within a short time period by 
synthesiZing a plurality of ultrasonic pulses With each other 
in accordance With a portion of the object to be scanned. 

A system control unit 14 for controlling an entire system 
of this ultrasonic imaging apparatus controls delay time as to 
the plurality of digital delay devices 13. Under control of 
this system control unit 14, a plurality of ultrasonic pulses 
having phase differences corresponding to time differences 
of those drive signals are transmitted from the plurality of 
ultrasonic transducers 11 to the object to be inspected, and 
also an ultrasonic beam Which is formed by synthesiZing 
these ultrasonic pulses to each other is de?ected in a 
desirable direction. 

On the other hand, the detection signals output from the 
plural ultrasonic transducers 11 are processed in the analog 
processing manner by a plurality of pre-ampli?ers 15 and a 
plurality of TGC (time gain compensation) ampli?ers 16, 
Which correspond to these plural ultrasonic transducers 11. 
By this analog processing operation, signal levels of those 
detection signals are matched to input signal levels of a 
plurality of A/D converters 17. The analog signals output 
from the plural TGC ampli?ers 16 are converted into digital 
signals (namely, detection data) by the pluralA/D converters 
17 under control of the system control unit 14. 

The detection data output from a plurality of A/D con 
verters 17 are entered into a plurality of digital beam formers 
19 in a parallel mode. A plurality of phase control units 21 
corresponding to a plurality of ultrasonic transducers 11 are 
provided in the respective digital beam formers 19. Each of 
these phase control units 21 may apply a desirable delay to 
the corresponding detection data by employing a shift reg 
ister delay line, a digital very small-siZed delay line, or a 
combination of a CPU and softWare, otherWise a combina 
tion of these delay means. The digital data output from the 
phase control units 21 are digitally added to each other in a 
digital adder 22, so that phase matching operations of the 
plural detection data obtained by using a series of ultrasonic 
transducers 11 contained in the ultrasonic probe 10 are 
carried out. As explained above, since a plurality of digital 
beam formers 19 are employed, reception focusing opera 
tions related to plural directions Within the object to be 
inspected can be achieved at the same time. The digital data 
output from these digital formers 19 are once stored in a 
memory 24, and then, these digital data are read out from 
this memory 24 so as to be processed in a data processing 
unit 25. That is, Waveforms of the digital detection data are 
detected, the detected digital data are converted into image 
data, and a predetermined image processing operation is 
carried out as to these digital detection data. Thereafter, the 
processed detection data are again stored in the memory 24. 

Furthermore, since a scanning format conversion as to the 
digital detection data is carried out in a DSC (digital scan 
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6 
converter) 26, the image data of a scanning space of ultra 
sonic beams is converted into image data of a physical 
space. In the case Where a three-dimensional image is 
displayed, a three-dimensional image constructing unit 27 
may be interposed betWeen the memory 24 and the DSC 26. 
The three-dimensional image constructing unit 27 produces 
voxel data from plural sets of tomographic data stored in the 
memory 24, While this voxel data corresponds to data as to 
a certain volume. The image data, the scanning format of 
Which has been converted by the DSC 26, is converted into 
an analog signal by a D/A converter 28, and then, this analog 
signal is displayed on an image display unit 29. 

FIG. 2A is a transparent perspective vieW shoWing one 
example of a construction of an ultrasonic probe 30 
employed in the ultrasonic imaging apparatus according to 
this ?rst embodiment, and FIG. 2B is a perspective vieW 
shoWing a portion of one-dimensional array in an enlarge 
manner, Which is contained in the ultrasonic probe 30 as 
shoWn in FIG. 2A. As shoWn in FIGS. 2A and 2B, Within a 
probe main body 31 of the ultrasonic probe 30, a plurality of 
arrayed vibration elements 32 Which constitute the ultra 
sonic transducers are assembled in a comb-shaped array, and 
thus, may constitute a one-dimensional array 33. Aplurality 
of these arrayed vibration elements 32 are vibrated in 
response to drive signals entered into these vibration ele 
ments 32 so as to transmit ultrasonic pulses toWard an object 
to be inspected. Then, these arrayed vibration elements 32 
receive ultrasonic echoes re?ected from the object under 
inspection to be vibrated, so that detection signals (electric 
signals) are output therefrom. As these arrayed vibration 
elements, for example, a pieZoelectric element containing 
the above-described PZT and PVDF is employed. 

Next, a description Will noW be made of one example of 
a method of imaging an object to be inspected, While using 
the ultrasonic imaging apparatus according to the ?rst 
embodiment. 
As illustrated in FIG. 3A, in such a case Where a fan 

shaped tWo-dimensional area 40 contained in the object to 
be inspected is scanned, this tWo-dimensional area 40 is 
subdivided into tWo portions 41 and 42 having different 
depth degrees. Thereafter, a shalloWer portion 41 located on 
the shalloWer side of this fan-shaped tWo-dimensional area 
40 is ?rstly scanned. Subsequently, a deeper portion 42 
located on the deeper side of this fan-shaped tWo 
dimensional area 40 is scanned. Alternatively, after the 
deeper portion 42 has been scanned, the shalloWer portion 
41 may be scanned. 

In the case Where the shalloWer portion 41 located in the 
tWo-dimensional area 40 as shoWn in FIG. 3A is scanned, as 
represented in FIG. 3B, a plurality of ultrasonic pulses are 
transmitted from the ultrasonic probe 30 to this shalloWer 
portion 41 in a pulse transmission time slot TP(S) contained 
in one pulse repetition time period PRT(S). Since these 
plural ultrasonic pulses are synthesiZed With each other, as 
shoWn in FIG. 3C, an ultrasonic beam 44 is formed. This 
ultrasonic beam 44 is extended from a transmission point 43 
in the shalloWer portion 41 in a depth direction (Z-direction 
in FIG. 3C). Then, image information at a plurality of 
sampling points 45 is sequentially sampled, While these 
sampling points 45 are distributed along the ultrasonic beam 
44 in, for example, an equi-interval. In other Words, as 
shoWn in FIG. 3B, image information related to the respec 
tive sampling points is sampled every time a constant time 
period has passed. In FIG. 3B, a White-colored point repre 
sents such a time point When image information related to a 
sampling point contained in the shalloWer portion 41 is 
sampled. 
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As a result, as shown in FIG. 3C, such a scanning process 
operation is repeatedly carried out “N1” times (symbol “N1” 
is a natural number), for example, in an equi-angular interval 
With respect to an angle direction (namely, G-direction) of 
the shalloWer portion 41 to scan an entire area of this 
shalloWer portion 41, so that image information related to all 
of the sampling points 45 involved in the shalloWer portion 
41 is obtained. As explained above, according to this 
embodiment, since the ?rstly-imaged portion in the tWo 
dimensional area is limited to the shalloWer portion 41, 
ultrasonic echoes re?ected from this shalloWer portion 41 
are recorded Within a short time period. As a consequence, 
the resultant imaging time With respect to the shalloWer 
portion 41 can be shortened, as compared With that required 
in the conventional sector scanning operation (see FIG. 7). 
When the shalloWer portion 41 is scanned, strengths of 

ultrasonic pulses for transmission may be decreased as 
compared With those of the ultrasonic pulses used in the 
conventional sector scanning operation. Also, it is preferable 
to optimiZe strengths of ultrasonic pulses for transmission 
When the shalloWer portion is scanned. If so, then insensible 
time may be shortened Which occurs because high voltages 
of pulsers are applied to the ultrasonic signal reception 
system. Then, image information related to an area in the 
vicinity of a surface of an object to be inspected (for 
example, an area near a body surface) can be sampled. In 
addition, it is possible to suppress fogging Which is caused 
by multi-path re?ections of ultrasonic echoes re?ected from 
the shalloWer portion, so that images having a better SN 
ratio can be reproduced as to the shalloWer portion. Also, it 
is preferable that density of ultrasonic beams in the shal 
loWer portion is made equal to, or loWer than the density of 
the ultrasonic beams in the conventional sector scanning 
operation. If so, then imaging time required to image the 
shalloWer portion can be furthermore shortened. 
On the other hand, in such a case Where the deeper portion 

42 Within the tWo-dimensional area 40 as shoWn in FIG. 3A 
is scanned, as represented in FIG. 3B, a plurality of ultra 
sonic pulses are transmitted from the ultrasonic probe to this 
deeper portion 42 in each of “n” pieces of pulse transmission 
time slots TP(D) Which are contained in one pulse repetition 
time period PRT Note that symbol “n” indicates a 
natural number. A plurality of ultrasonic pulses Which are 
transmitted from the ultrasonic probe Within each of the 
pulse transmission time slots TP (D) are synthesiZed With 
each other to form a plurality of synthesiZed beams having 
different propagation directions from each other as shoWn in 
FIG. 4A. That is, the respective ultrasonic pulses are propa 
gated through the object to be inspected With having time 
differences, a plurality of ultrasonic beams 46 are formed 
Which are extended in different directions. It should also be 
noted that these ultrasonic beams are preferably formed 
under such a condition that these ultrasonic beams are 
spatially separated from each other. If so, then reception 
ultrasonic echoes Which are re?ected from the respective 
different directions can be readily separated from each other 
by Way of the reception focusing operation. 

The transmission of the ultrasonic pulses With respect to 
the plural directions of the deeper portions 42 is carried out 
“n” times Within a time duration Which is required for the 
ultrasonic pulses to return to the ultrasonic probe after being 
re?ected from the shalloWer portion 41. This time duration 
Will be referred to as “shalloWer portion reciprocation time”. 
Since the transmission timing of the ultrasonic pulses is set 
in accordance With the above-described manner, a single 
scanning time as to the deeper portion can be largely 
shortened as compared With that of the conventional sector 
scanning operation as shoWn in FIG. 8. 
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Then, image information is sampled at time instants 

indicated by black-colored time points (see FIG. 4C) as to a 
plurality of sampling points 47 Which are distributed, for 
instance, in an equi-interval along “n” lines of ultrasonic 
beams formed Within the deeper portion. At this time, 
positions of reception focal points are varied by employing 
detection signals of a plurality of ultrasonic transducers 
contained in the ultrasonic probe, phases of these detection 
signals are matched, and then, these detection signals are 
separated from each other. It should also be understood that 
most of these received ultrasonic echoes are formed by 
summing the ultrasonic pulses With each other re?ected 
from a plurality of places Within the deeper portion. 
HoWever, properly-selected Weights and also properly 
selected time delays have been given to the respective 
detection signals, and then, the resultant detection signals 
are added to each other, so that only such a detection signal 
corresponding to a focal region formed Within the deeper 
portion can be emphasiZed. 
As shoWn in FIG. 4C, While the transmission direction is 

slightly shifted in the angle direction (namely, G-direction) 
of the deeper portion, such a scanning process operation is 
repeatedly carried out “m” times, so that an entire portion of 
this deeper portion can be scanned. It should also be noted 
that symbol “m” indicates a natural number. Thus, a total 
number “N2” of ultrasonic beams in the deeper portion 
becomes N2=n><m. In this case, entire imaging time “TF” 
related to the fan-shaped tWo-dimensional area according to 
this ?rst embodiment is expressed by the folloWing equa 
tion: 

Assuming noW that a total scanning time is expressed as 
“N” and a duration of repetition time is indicated as “PRT” 
in such a case Where the same fan-shaped tWo-dimensional 
area is scanned by Way of the conventional sector scanning 
operation as shoWn in FIG. 7, it is ideal that the above 
explained imaging time “TF” is set to satisfy the beloW 
mentioned formula: 

HoWever, in an actual case, the entire imaging time “TF” 
may be set to satisfy the folloWing formula: 

Next, an ultrasonic imaging apparatus according to a 
second embodiment of the present invention Will noW be 
described. The ultrasonic imaging apparatus according to 
this second embodiment is featured by that a three 
dimensional image is obtained by employing an optical 
detection type tWo-dimensional sensor array to receive ultra 
sonic Waves. 

FIG. 5 illustratively shoWs a basic idea of an arrangement 
of the ultrasonic imaging apparatus according to this third 
embodiment. As illustratively shoWn in FIG. 5, a tWo 
dimensional sensor array 50 is constituted in such a manner 
that sectional planes of very ?ne optical ?bers 51 are 
arranged in a tWo-dimensional matrix shape. In this case, 
ultrasonic detecting elements are constructed by either a 
Fabry-Perot resonator (abbreviated as an “FPR” hereinafter) 
or a ?ber Bragg grating, Which are formed on tip portions of 
a plurality of optical ?bers. 

Light produced from a light source 60 passes through a 
beam splitter 61 and then is entered into the optical ?ber 
array. The light Which is entered into the respective optical 
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?bers 51 is re?ected by both a half mirror 53 and a total 
re?ection mirror 54, Which are formed on both edges of the 
FPR. Since a total re?ection plane of this total re?ection 
mirror 54 is in?uenced by geometrical displacement Which 
is caused by ultrasonic Waves applied to the ultrasonic 
detecting elements, the re?ection light is modulated by this 
geometrical displacement, and the modulated re?ection light 
is again entered into the beam splitter 61. The re?ection light 
entered into the beam splitter 61 is directly focused onto a 
photodetector 63, or is focused via an optical ?ber and the 
like onto the photodetector 63. Alternatively, this re?ection 
light is focused via an image focusing system 62 such as a 
lens onto this photodetector 63. It should be noted that in this 
second embodiment, ultrasonic transmission elements are 
independently provided With respect to the above-explained 
ultrasonic detection elements. 

FIG. 6 is an illustration shoWing an example of a scanning 
area and divisions thereof Within an object to be inspected, 
Which is scanned by employing the ultrasonic imaging 
apparatus as shoWn in FIG. 5. As shoWn in FIG. 6, in the 
case Where a circular-cone-shaped three-dimensional area 
70 contained in the object to be inspected is scanned, this 
three-dimensional area 70 is divided into a plurality of 
divisions having different depth degrees, and thereafter, a 
shalloWer portion 71 located on the shalloWer side of the 
area 70 is ?rstly scanned, and subsequently, a depth deeper 
portion 72 on the deeper side of this area 70 is scanned. In 
this case, the three-dimensional area 70 is scanned in such 
a manner that density of ultrasonic beams used to scan the 
deeper portion 72 becomes higher than that of the shalloWer 
portion 71. Alternatively, after the deeper portion 72 has 
been scanned, the shalloWer portion 71 may be scanned. 

In the case Where the shalloWer portion 71 Within the 
three-dimensional area 70 is scanned, a plurality of ultra 
sonic pulse are transmitted to the shalloWer portion 71 so as 
to form an ultrasonic beam 44 Within such a pulse trans 
mission time slot contained in a single repetition time 
duration. Next, image information is sequentially sampled at 
a plurality of sampling points 45 along the ultrasonic beam 
44, and these sampling points 45 are distributed, for 
example, in an equi-interval. While such an ultrasonic 
scanning process operation is repeatedly carried out plural 
times With respect to the shalloWer portion 71, an entire 
portion of the shalloWer portion 71 is scanned, so that image 
information related to all of these sampling points 45 
contained in the shalloWer portion 71 can be obtained. In 
order to realiZe an ultrasonic imaging method involving such 
an ultrasonic scanning process operation, for example, the 
ultrasonic transmission elements may transmit the ultrasonic 
pulses to the object to be inspected in accordance With the 
time chart as shoWn in FIG. 3B. 
On the other hand, in such a case Where the deeper portion 

72 contained in the three-dimensional area 70 is scanned, a 
plurality of ultrasonic pulses are transmitted to the deeper 
portion 72 and thus, a plurality of ultrasonic beams 46 
extended in different directions are sequentially formed 
Within each of a plurality of pulse transmission time slots 
Which are involved in a single repetition time duration. Next, 
image information is sequentially sampled at a plurality of 
sampling points 47 along the ultrasonic beams 46, and these 
sampling points 46 are distributed, for instance, in an 
equi-interval in the deeper portion 72. While such an ultra 
sonic scanning process operation is repeatedly carried out 
With respect to the deeper portion 72 by slightly shifting the 
transmission direction, an entire portion of the deeper por 
tion 72 is scanned, so that image information related to all 
of these sampling points 47 contained in the deeper portion 
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72 can be obtained. In order to realiZe an ultrasonic imaging 
method involving such an ultrasonic scanning process 
operation, the ultrasonic transmission elements may transmit 
the ultrasonic pulses to the object to be inspected in accor 
dance With, for example, the time charts as shoWn in FIGS. 
3B and 4B. 

According to the present invention, either the fan-shaped 
tWo-dimensional area or the circular-cone-shaped three 
dimensional area contained in the object to be inspected is 
divided into at least the shalloWer portion and the deeper 
portion, and these portions are independently scanned one 
by one. In particular, as to this deeper portion, a plurality of 
ultrasonic Waves are transmitted to the object to be inspected 
so as to sequentially form a plurality of ultrasonic beams 
extended in the different directions Within a time period in 
Which the ultrasonic echoes re?ected from the shalloWer 
portion are obtained. As a consequence, the ultrasonic beam 
density of the deeper portion can be made higher than that 
of the shalloWer portion, While the scanning time is not 
much increased. As a result, the density of the sampling 
points can be increased in response to the depths of the 
object to be inspected, While the frame rate is not unneces 
sarily decreased. As a result, the ultrasonic resolution of the 
depth degree Within the object can be improved up to at least 
approximately the ultrasonic resolution of the shalloWer 
portion, so that the ultrasonic images as to the object can be 
obtained in high precision. 
As apparent from the foregoing descriptions, the present 

invention is not limited to the above-described embodi 
ments. For example, While either the fan-shaped tWo 
dimensional area or the circular-cone-shaped three 
dimensional area contained in the object under inspection 
may be divided into three, or more portions having different 
depth degrees, a total scanning number of times may be 
increased in response to depths of the respective portions. In 
this alternative case, the ultrasonic beam scanning opera 
tions may be sequentially carried out from the shalloWest 
portion to the deepest portion, or from the deepest portion to 
the shalloWest portion. Alternatively, one of these portions is 
sequentially selected at random, and the selected portion 
may be scanned. If the object to be inspected is scanned in 
accordance With the above-described alternative scanning 
manner, ultrasonic images of the object Would be repro 
duced in higher precision. 
As previously described in detail, according to the present 

invention, the density of the sampling points can be 
increased in accordance With the depths Within the object to 
be inspected, While the frame rate is not unnecessarily 
decreased. 
What is claimed is: 
1. An ultrasonic imaging method of obtaining image 

information in such a manner that a predetermined area 
contained in an object to be inspected is divided into at least 
a ?rst area located most shalloWly and a second area located 
deeper than the ?rst area so as to scan the ?rst and second 
areas by employing ultrasonic Waves, said ultrasonic imag 
ing method comprising the steps of: 

(a) transmitting and receiving ultrasonic Waves focused in 
one focus direction Within the ?rst area by using a 
plurality of ultrasonic transducers included in an ultra 
sonic probe to take samples of an ultrasonic image at a 
plurality of points in the focus direction, and changing 
the focus direction to scan the ?rst area; 

(b) sequentially transmitting ultrasonic Waves focused in 
respective focus directions Within the second area by 
using said plurality of ultrasonic transducers in a pre 
determined time period, thereafter receiving ultrasonic 
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Waves re?ected from the respective focus directions by 
using said plurality of ultrasonic transducers to take 
samples of the ultrasonic image at a plurality of points 
in the respective focus directions; 

(c) obtaining image information as to the plural points 
Within the ?rst area on the basis of detection signals 
obtained from said plurality of ultrasonic transducers at 
step (a); and 

(d) obtaining image information as to the plural points 
Within the second area on the basis of detection signals 
obtained from said plurality of ultrasonic transducers at 
step 

2. An ultrasonic imaging method according to claim 1, 
Wherein step (b) includes sequentially transmitting ultra 
sonic Waves focused in respective focus directions Within a 
time period in Which ultrasonic Waves re?ected from an area 
shalloWer than the second area reach said plurality of 
ultrasonic transducers. 

3. An ultrasonic imaging method according to claim 1, 
Wherein step (b) is repeatedly carried out While the focus 
directions are changed. 

4. An ultrasonic imaging method according to claim 2, 
Wherein step (b) is repeatedly carried out While the focus 
directions are changed. 

5. An ultrasonic imaging method according to claim 3, 
Wherein a total number of the focus directions to be scanned 
Within the second area is larger than the focus directions to 
be scanned Within the ?rst area. 

6. An ultrasonic imaging method according to claim 4, 
Wherein a total number of the focus directions to be scanned 
Within the second area is larger than the focus directions to 
be scanned Within the ?rst area. 

7. An ultrasonic imaging method according to claim 1, 
Wherein step (d) includes obtaining image information as to 
the plural points in each of the focus directions by applying 
a Weight and a time delay corresponding to the focus 
direction to the detection signals obtained from said plurality 
of ultrasonic transducers, and thereafter, summing the result 
ant detection signals to each other. 

8. An ultrasonic imaging method according to claim 2, 
Wherein step (d) includes obtaining image information as to 
the plural points in each of the focus directions by applying 
a Weight and a time delay corresponding to the focus 
direction to the detection signals obtained from said plurality 
of ultrasonic transducers, and thereafter, summing the result 
ant detection signals to each other. 

9. An ultrasonic imaging method according to claim 3, 
Wherein step (d) includes obtaining image information as to 
the plural points in each of the focus directions by applying 
a Weight and a time delay corresponding to the focus 
direction to the detection signals obtained from said plurality 
of ultrasonic transducers, and thereafter, summing the result 
ant detection signals to each other. 

10. An ultrasonic imaging method according to claim 4, 
Wherein step (d) includes obtaining image information as to 
the plural points in each of the focus directions by applying 
a Weight and a time delay corresponding to the focus 
direction to the detection signals obtained from said plurality 
of ultrasonic transducers, and thereafter, summing the result 
ant detection signals to each other. 

11. An ultrasonic imaging apparatus for obtaining image 
information in such a manner that a predetermined area 
contained in an object to be inspected is divided into at least 
a ?rst area located most shalloWly and a second area located 
deeper than the ?rst area so as to scan the ?rst and second 
areas by employing ultrasonic Waves, said ultrasonic imag 
ing apparatus comprising: 
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drive signal generating means for delaying input signals 

to supply drive signals having speci?c phases, respec 
tively; 

an ultrasonic probe having a plurality of ultrasonic 
transducers, for transmitting ultrasonic Waves in accor 
dance With the drive signals and for receiving ultra 
sonic Waves to output detection signals based upon the 
received ultrasonic Waves; 

signal processing means for processing the detection 
signals to obtain image information of an object to be 
inspected on the basis of the processed detection sig 
nals; and 

control means for controlling said drive signal generating 
means and said signal processing means to (a) transmit 
and receive ultrasonic Waves focused in one focus 
direction Within the ?rst area by using said plurality of 
ultrasonic transducers to take samples of an ultrasonic 
image at a plurality of points in the focus direction, and 
change the focus direction to scan the ?rst area and (b) 
sequentially transmit ultrasonic Waves focused in 
respective focus directions Within the second area by 
using said plurality of ultrasonic transducers in a pre 
determined time period, thereafter receive ultrasonic 
Waves re?ected from the respective focus directions by 
using said plurality of ultrasonic transducers to take 
samples of the ultrasonic image at a plurality of points 
in the respective focus directions. 

12. An ultrasonic imaging apparatus according to claim 
11, Wherein said control means controls said drive signal 
generating means to sequentially transmit ultrasonic Waves 
focused in respective focus directions Within a time period 
in Which ultrasonic Waves re?ected from an area shalloWer 
than the second area reach said plurality of ultrasonic 
transducers. 

13. An ultrasonic imaging apparatus according to claim 
11, Wherein said control means controls said drive signal 
generating means and said signal processing means in such 
a manner that transmission and reception of ultrasonic 
Waves are repeatedly carried out With respect to the second 
area While the focus directions are changed. 

14. An ultrasonic imaging apparatus according to claim 
13, Wherein a total number of the focus directions to be 
scanned Within the second area is larger than the focus 
directions to be scanned Within the ?rst area. 

15. An ultrasonic imaging apparatus according to claim 
11, Wherein said signal processing means includes a plural 
ity of sets each comprising: 

a plurality of delay means for applying delay time to the 
detection signals; and 

adding means for adding output signals derived from said 
plurality of delay means to each other. 

16. An ultrasonic imaging apparatus according to claim 
11, Wherein said drive signal generating means includes a 
plurality of pulse generating circuits. 

17. An ultrasonic imaging apparatus according to claim 
11, Wherein said plurality of ultrasonic transducers are 
assembled into said ultrasonic probe to form any one of a 
one-dimensional array and a tWo-dimensional array. 

18. An ultrasonic imaging apparatus according to claim 
11, Wherein said plurality of ultrasonic transducers include: 

a plurality of pieZoelectric elements for converting input 
electric signals into ultrasonic Waves to transmit the 
ultrasonic Waves, and also converting received ultra 
sonic Waves into electric echo signals to output the 
ultrasonic echo signals. 

19. An ultrasonic imaging apparatus according to claim 
11, Wherein said plurality of ultrasonic transducers include: 
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a plurality of piezoelectric elements for converting input a plurality of piezoelectric elements for converting input 
electric signals into ultrasonic pulses to transmit the electric signals into ultrasonic pulses to transmit the 
ultrasonic pulses; and ultrasonic pulses; and 

a plurality of photodetecting elements for converting a plurality of photodetecting elements for converting 
received ultrasonic pulses into optical signals to output 5 received ultrasonic pulses into optical signals to output 
the optical signals. the optical signals. 

20. An ultrasonic imaging apparatus according to claim 
17, Wherein said plurality of ultrasonic transducers include: * * * * * 


